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(71) We, Jose Delot, of 41 rue 
Charles de Gaulle, 89600 - Saint Florentin, 
France, and Jean Retif, of 11 rue 
both Engineers and citizens of the French 

5 Republic, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to he performed, to be particularly 
described in and by the following statement: 

10 The present invention relates to a 
method of and apparatus for coating, such 
as galvanizing or plating, continuous or 
discontinuous elongate articles, in par- 
ticular metal sections, by depositing on 

15 their surface a coating of a protective 
metal, such as zinc, aluminium, tin or 
another suitable coating metal. 

Plating and coating methods based on 
operations such as electrolysis, molten 

20 metal spraying, or immersion in a molten 
metal bath are already known. Some of 
these known methods require relatively 
large plants involving the use of large 
melts, and are cumbersome to carry 

25 out, particularly for colour plating or 
galvanizing inasmuchas, in this case, a 
vessel containing 50 to 400 tons of melt 
must be drained for changing from one 
colour to another. 

30 The method and apparatus of this 
invention involve only a relatively small 
coating enclosure and an arrangement of 
relatively-reduced dimensions. The articles 
that can be processed with this method 

35 are generally elongate articles, such as 
wires, sections, bars, concrete-reinforcing 
bars, beams, or the like. 

The method in accordance with the 
invention comprises moving the article to 

40 be coated longitudinally through a tubular 
heating chamber to heat the article to at 
least the temperature of a molten protective 
coating metal, moving the heated article to 
be coated longitudinally through a scaling 

45 device which forms a molten metal-tight 



seal with said heated article to be coated, 
and then through a closed coating enclosure, 
which is supplied with the molten pro- 
tective coating metal from an underlying 
molten metal furnace and is filled to the 50 
level of immersion of the article, in an 
inert atmosphere at a pressure substantially 
equal to the atmospheric pressure, and 
passing the coated article longitudinally 
from the coating enclosure into an inert 55 
atmosphere through another sealing device 
which also forms a molten metal-tight seal 
with the coated articles and which is dis- 
posed above and adjacent means for 
returning excess molten metal to the 60 
furnace. 

An apparatus in accordance with the 
invention comprises means for heating an 
article to be coated to at least the temper- 
ature of a molten, protective coating metal, 65 
means for moving the heated article to 
be coated through a scaling device 
arranged to form a molten metal-tight seal 
with said heated article to be coated and 
then through a closed coating enclosure, 70 
a molten metal furnace underlying the 
coating enclosure and arranged to supply 
molten protective coating metal to the en- 
closure, such that, in use, the enclosure is 
filled with molten metal to the level of 75 
immersion of the article, the enclosure con- 
taining an inert atmosphere at substan- 
tially atmospheric pressure, and another 
sealing device through which the coated 
article emerges from the coating enclosure, 80 
and which also forms a molten metal-tight 
seal with the coated articles, into an inert 
atmosphere-containing enclosure, said 
device disposed above and adjacent means 
for returning excess molten metal to the 85 
furnace. 

An advantageous requirement of the 
coating enclosure, through which the article 
travels immersed in molten metal, is that 
its cross-sectional profile matches that of 90 
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the articles, so that its volume can be 
reduced considerably in comparison with 
that of prior art systems. 

This coating enclosure is supplied con- 
5 tinuously with molten metal from a furnace 
melt by means of a pump or any other 
means capable of compensating for the 
leakage of excess coating metal due to the 
difference between the cross-sectional area of 

10 the inlet and outlet of the enclosure and 
that of the article before and after coating. 
The contact between the article and the 
molten coating metal at the coating 
temperature causes metallurgical reactions 

15 to take place, thus forming the desired 
protective coating. 

Upstream of the coating enclosure, the 
tubular heating chamber may comprise a 
pre-heating oven adapted to heat the article 

20 to be coated to the required coating 
temperature, or above this temperature, 
such as 450 *C or more in the case of zinc 
being used as the coating metal. 
The coating enclosure is followed, down- 

25 stream, by a cooling area for the coated 
article. 

These three processing spaces, namely 
the pre-heating oven, coating enclosure and 
cooling area, are filled with an inert or 

30 reducing atmosphere and are isolated from 
the external atmosphere by inlet and outlet 
sealing locks. The article to be coated is 
pre-heated in an inert or reducing atmos- 
phere in order to prevent the re-oxidation 

35 thereof, and this preliminary heating step 
may tske place in various ways. 

Similarly, during its passage through the 
coating enclosure, the protective coating 
metal cannot undergo oxidation, and the 

40 melting of the coating metal in the furnace 
may take place according to various 
methods. 

The articles to be coated may be moved 
in any known and suitable manner so that 
45 elongate articles of different length can be 
processed without altering the apparatus. 

The articles to be coated may be cleaned 
mechanically, for example, by using shot or 
the like, or chemically, for example, pickling 
50 with various known acids. 

The cooling step may be performed by 
using air, water or any other suitable means. 

This improved method permits colouring 
of the metal coating deposited on the article, 
55 either by colouring the molten coating 
metal, since the mass thereof is relatively 
small, so that there is no difficulty for 
changing from one colour to another or by 
oxidation colouring as the article emerges 
60 from the coating enclosure, provided that 
this enclosure is 1 isolated by means of a 
lock, followed by a cooling step. 

The means for mechanically driving or 
conveying the articles to be coated are 
65 subordinate to the inherent nature of these 



articles and may be installed not only up- 
and down-stream of the apparatus but also 
in the sealed areas if required, dependent 
upon the specific nature or length of the 
articles. 70 

The article to be coated is thus firstly 
cleaned or pickled, then introduced through 
the lock into the heating chamber where it 
is heated to a temperature slightly above the 
temperature necessary for forming the 75 
desired coating. 

The articles to be coated may be heated 
according to their specific nature through 
various technical means, such as HF- 
heating, electrical resistance heating, heat- 80 
ing by means of radiating tubes or similar 
arrangements, and also by direct Joule 
effect heating by exposing the product to a 
low-voltage, high-intensity electric current. 

The article to be coated is heated in a 85 
controlled atmosphere consisting of an inert 
or reducing gas, so that no re-oxidation of 
the previously-treated surfaces can take 
place. 

The article then moves through a molten 90 
metal-tight scaling device into the coating 
enclosure in which it is immersed in the 
molten coating metal with which the article 
metallurgically reacts to eventually build up 
the desired protective coating. 95 

The coated article subsequently leaves the 
enclosure through another molten metal- 
tight scaling device where it is substantially 
drained of excess molten metal before 
passing into the cooling area. Where the 100 
coated article leaves the other scaling device 
from the enclosure, the controlled atmos- 
phere of inert or reducing gas, also prevail- 
ing in the cooling area, determines the 
quality of the coating and thus prevents the 105 
build up of molten metal oxide which is 
extremely detrimental to the obtaining of a 
dropless, smooth, regular protective coating 
of uniform thickness. 

The single Figure of the accompanying hq 
drawing illustrates diagrammatically the 
general arrangement of a preferred embodi- 
ment of apparatus in accordance with the 
invention for carrying out a method, in 
accordance with the invention, for coating 115 
an elongate metal article, although the 
invention is applicable to all kinds of 
elongate products and articles which are 
required to be galvanised or metal plated. 

The following description of this 120 
preferred embodiment of an apparatus in 
accordance with the invention is given by 
way of example and should be read in con- 
junction with the attached drawing. 

The Figure shows apparatus comprising a 125 
furnace 12, for example of the RF-electric- 
ally heated type, for melting a galvanizing 
or plating metal, such as zinc, lead, tin, 
aluminium, or any other suitable metallic 
galvanizing or plating material. The furnace 130 
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12 is equipped with a pump 11 immersed in 
the melt and overlying the furnace, and in 
sequential alignment, are : 
an inlet region 13, in which a controlled, 
5 non-oxidising inert atmosphere of inert or 
reducing gas is maintained, and into which 
an elongate article 15 to* be coated is intro- 
duced through a first tapered nozzle 14, 
the article then passing through a chamber 

10 16 located between another pair of similar 
nozzles 17, 18; an RF electrical pre-heating, 
tubular chamber 6 in which the article 15 is 
heated to a desired temperature which is 
at least that of the melt in the furnace 12; 

15 a plurality of frusto-conical, molten metal- 
tight sealing nozzles 19 through which the 
article passes into a coating enclosure 5; a 
plurality of frusto-conical, molten metal- 
tight sealing nozzles 20; a cooling water- 

20 jacket system 3 for cooling the coated 
article; and an outlet region 7 having an 
associated chamber 21 for recovering any 
excess coating metal entrained on the 
article as it emerges from the enclosure 5 

25 while being guided by the scaling nozzles 
20. 

Mechanical driving units 1 are provided 
adjacent the input region 13 and output 
region 7 for feeding the article to be coated 

30 or the subsequently-coated coated article at 
the desired rate through the apparatus. 

Valve means 2 are also provided for 
supplying non-oxidizing inert gas to the 
upstream pre-heating tube 6 and down- 

35 stream cooling system 3, and also to the 
coating enclosure 5 itself. 

The enclosure 5 comprises a tubular 
vessel in which the molten coating metal 
is deposited on the article 15 during, and 

40 as a consequence of, the continuous move- 
ment of the article which has been heated 
to at least the temperature of the melt con- 
tained in the furnace 12. The level 9 of the 
melt in the furnace 12 is coincident with 

45 that of the lower openings of nozzles 10 
which return molten metal to the melt in the 
furnace 12. 

The immersed pump 11 delivers molten 
metal from the melt via a conduit 24 to 

50 the bottom of the coating enclosure 5, 
the nozzles 19 and 22 for returning any 
excess molten metal, which has been 
removed from the coated article by these 
nozzles to the melt. 

55 The cross-secion of these nozzles 19, 20, 
and also that of the coating enclosure 5 
corresponds to that of the heated or coated 
article, as the case may be. In other words, 
this cross-section is circular for circular 

60 concrete-reinforcing bars to be plated, or 
is L- or T-shaped for correspondingly 
cross-sectioned metal sections, beams, or the 
like. 

The volume of the coating enclosure 5 
65 may be relatively small, since it has no 



relationship whatsoever with the length of 
the articles to be coated, the only limits to 
its size being the dimension of the other 
components such as the sealing nozzles 19, 
20, spouts 8, and nozzles 10. Thus, the 70 
enclosure 5 may also have a profile con- 
sistent with that of the articles to be coated. 

Of course, this invention should not be 
construed as being strictly limited by the 
specific details described hereinabove and 75 
illustrated in the accompanying drawing, 
since many modifications and variations 
may be made thereto without departing 
from the basic principles of the invention 
as set forth in the appended claims. Thus, 80 
the. inlet and outlet 7 and 13 may be con- 
structed according to the teachings of the 
French Patent No. 1,537,088, or otherwise, 
and other means may be contemplated for 
pre-heating and cooling the articles. Further- 85 
more, in the case of an aluminium plating 
operation, the outlet region 7 may be dis- 
posed nearer the coating enclosure 5 up- 
stream of the water jacket 3. 

On the other hand, it would not constitute 90 
a departure from the present invention to 
use a coating enclosure 5 in the shape of a 
toroidal tube, instead of the elongate en- 
closure described above. Finally, the 
molten metal may be applied through means 95 
other than a pump immersed in the melt, as 
will readily occur to those skilled in the art. 

WHAT WE CLAIM IS: 

1. A continuous method of forming a 
protective metal coating on an elongate 100 
article which comprises moving the article 

to be coated longitudinally through a 
tubular heating chamber to heat the article 
to at least the temperature of a molten 
protective coating metal, moving the heated 105 
article to be coated longitudinally through 
a sealing device which forms a molten 
metal-tight seal with said heated article to 
be coated, and then through a closed coating 
enclosure, which is supplied with the molten 110 
protective coating metal from an under- 
lying molten metal furnace and is filled to 
the level of immersion of the article, in an 
inert atmosphere at a pressure substantially 
equal to the atmospheric pressure, and 115 
passing the coated article longitudinally 
from the coating enclosure into an inert 
atmosphere through another sealing device 
which also forms a molten metal-tight seal 
with the coated article and is disposed above 120 
and adjacent means for returning excess 
molten metal to the furnace. 

2. A method as claimed in claim 1, 
wherein the level of the molten metal in the 
coating enclosure is adjusted to correspond 125 
to that of the upper outlet end of a nozzle 
connecting the enclosure to the level of the 
molten metal in the furnace. 

3. A method as claimed in claim 1 or 

2, wherein the article to be coated is 130 
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moved into and emerges from, the coating 
enclosure through a series of coaxial frusto- 
conical nozzles, constituting said sealing 
devices, whose respective cross-sections 
5 correspond to that of the article, before and 
after coating, atttd which overlie adjacent 
spouts for returning the excess molten 
metal to the furnace. 

4. A method as claimed in claim 1, 2 or 
10 3, wherein the coated article is subsequently 

passed through a cooling area downstream 
of the enclosure consisting of water cooling 
means surrounding the inert atmosphere 
and provided with inlets for supplying an 
15 inert gas to an inert atmosphere. 

5. A method as claimed in any preceding 
claim, wherein any excess coating metal 
entrained by the coated article after passing 
from the coating enclosure is recovered by 

20 means of an outlet sealing means associated 
with coating metal collecting chambers. 

6. A method substantially as hereinbefore 
described with reference to the accompany- 
ing drawing. 

25 7. Apparatus for continuously coating an 
elongate article with a protective metal, 
which apparatus comprises means for heat- 
ing an article to be coated to at least the 
temperature of a molten, protective coating 

30 metal, means for moving the heated article 
to be coated through a sealing device 
arranged to form a molten metal-tight seal 
with said heated article to be coated and 
then through a closed coating enclosure and 

35 arranged to supply molten protective coat- 
ing metal to the enclosure, such that, in use, 
the enclosure is filled with molten metal 
to the level of immersion of the article, the 
enclosure containing an inert atmosphere at 

40 substantially atmospheric pressure, and 
another sealing device through which the 
coated article emerges from the coating 
enclosure, and which also forms a molten 
metal-tight seal with the coated article, into 

45 an inert atmosphere-containing enclosure, 
said device being disposed above the 
adjacent means for returning excess molten 
metal to the furnace. 



&. Apparatus as claimed in claim 7, 
wherein the level of the molten metal in the 50 
coating enclosure is adjustable, in use, to 
correspond to that of the upper outlet end 
of a delivery nozzle connecting the en- 
closure to the molten metal in the furnace. 

9. Apparatus as claimed in claim 7 or 55 
8, wherein each sealing device comprises a 
series of coaxial, frustroeonical nozzles each 

of whose respective cross-section corresponds 
to that of the heated or coated article and 
which overlies adjacent spouts for returning 6*0 
excess molten metal to the furnace. 

10. Apparatus as claimed in any of 
claims 7, 8 or 9, wherein a cooling area is 
located downstream of the enclosure and 
consists of water cooling means surround- 55 
ing an associated inert atmosphere and 
inlets for supplying an inert gas to said 
atmosphere. 

11. Apparatus as claimed in claim 10 
wherein an outlet sealing means is located 70 
downstream of the cooling area to recover 
any excess coating metal entrained by the 
coated article, after emerging from the 
coating enclosure, in an associated collect- 
ing chamber. 75 

12. Apparatus for coating an elongate 
article with a protective metal substantially 
as hereinbefore described with reference to 
the accompanying drawing. 

13. A coated elongate article when made 80 
by a method as claimed in any of claims 

1 to 6. 

14. A coated elongate article when made 
in an apparatus as claimed in any of claims 

7 to 12. ~ 85 

POLLAK MERCER & TENCH 
Chartered Patent Agents, 
Eastcheap House, 
Central Approach, 
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Agents for the Applicants. 
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